A METHOD FOR THE PRODUCTION OF TANNIN AND ITS USE 
BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001 ] The present invention relates to a method for extracting tannin, tannin obtained 
by the same method, and a use thereof. More specifically, the present invention relates 
to a method for producing tannin to be contained in an adhesive or a binder for wood as a 
main component. 

2. Description of the Related Art 

[0002] Tannin is widely present in plants. Tannin is conventionally known as a 
generic name for a substance that is easily dissolved in water, whose aqueous solution is 
highly astringent, and which has the property of tanning leather. Chemically, tannin is 
not a simple substance but an aggregation of complex organic compounds. 

[0003] Tannin is classified in terms of its chemical property into hydrolysable tannin 
that is hydrolyzed by heating with a dilute acid to generate gallic acid, ellagic acid and the 
like, and condensed tannin that is polymerized to generate phlobaphene that is 
insoluble in water. In particular, condensed tannin reacts with aldehyde to become a 
polymer. 

[0004] Tannin is a collection of complex organic compounds present in plants , as 
described above. However, according to the conventional definition, tannin is "a 
substance which is easily dissolved in water, whose aqueous solution is highly astringent, 
and which has the property of tanning leather", and water is most inexpensive as an 
extraction solvent. Therefore, hydrolysable tannin and condensed tannin are 
extracted with water, warm water or hot water. 

[0005] On the other hand, tannin has been industrially used as a tanning agent in most 
cases. In addition, tannin is used as a precipitant for various kinds of metal ions. 
Other uses of tannin include its use as tannic acid of the Japanese Pharmacopoeia, an 
adhesive for wood or its filler. In any case, tannin extracted with warm water or hot 
water as an extraction agent is used as a base agent, and if required, tannin may be 
further purified with an organic solvent or modified with alkalis or the like. 

[0006] As condensed tannin, tannin for industrial purposes is extracted from hemlock 
bark, mangrove bark, wood and bark of eucalyptus, pine bark, larch bark, spruce bark, or 
the like. Such condensed tannin is used as a tanning agent. On the other hand, 
tannin extracted from acacia bark or quebracho wood with warm water or hot water has 
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been used as an adhesive or a binder for wood from the latter half of 1960s by utilizing 
the property of condensed tannin which reacts with aldehyde to become a polymer. 

[0007] Furthermore, from the 1 950s, the radiata pine (Pinus radiata) bark planted in 
Chile, New Zealand and Australia has also been used as an adhesive for wood, in the 
same way as tannin from acacia bark and wood from the quebracho tree. As an 
extraction solvent, similarly, warm water or hot water, or an alkaline aqueous solution of 
warm water or hot water in the case of the radiata pine (Pinus radiata) bark has been 
used (Australian Patent No. 518703 (1981)). 

[0008] However, in particular, tannin extracted with an alkaline aqueous solvent has 
its yield enhanced, whereas its reactivity with aldehyde is lost. As a result, adhesion 
and binding force are degraded, and tannin suitable for an adhesive cannot be obtained. 

[0009] Furthermore, in the case where tannin is extracted from the radiata pine (Pinus 
radiata) bark with warm water or hot water as an extraction solvent as in the conventional 
extraction, it is necessary to extract tannin for a long period of time so as to enhance the 
yield of tannin. However, when tannin is extracted with warm water or hot water for a 
long period of time, although the yield of tannin is increased, the content of tannin 
(hereinafter referred to as "purity") reacting with aldehyde is decreased, and the viscosity 
of the tannin solution is increased to such a degree so as to make coating difficult if its 
use is in the formulation of an adhesive. Thus, the quality of tannin as a main agent of 
an adhesive is degraded, so that such a tannin cannot be used. 

[0010] Accordingly, an improvement has been studied by putting emphasis on an 
extraction operation of extracting tannin within a short period of time without changing 
the chemical structure thereof, while using warm water or hot water as an extraction 
solvent (Canadian Patent No. 1285555 (1985); Australian Patent Application No. 
61467/90 (1900); Australian Provisional Patent Application No. PO09260 (1997)). 

[001 1 ] As a result of the improvement, a yield of tannin of 30.5% and a purity of 85.9% 
were obtained using boiling water as an extraction solvent as in the conventional 
example. However, the viscosity of a solution with a tannin solid content of 40 to 45%, 
at which sufficient adhesion strength is obtained, is too high (i.e., 18,000 mPa • s), so that 
such an improvement has not been put into practical use. 

[0012] As described above, tannin is an aggregation of complex organic compounds. 
Therefore, it is considered that the constituent components of tannin to be obtained vary 
depending upon the extraction solvent, the extraction method, and feed material. 
Furthermore, it is also considered that these extraction conditions change depending 
upon the use. Nonetheless, there is a fixed idea that "tannin is soluble in water", and 
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hot water, boiling water or an aqueous solvent with a small amount of additive such as 
sodium hydrogen sulfite added thereto have been used as an extraction solvent for 
tannin with respect to any plant resources, since these solvents are inexpensive. 
Particularly for extraction of tannin as an adhesive or a binder for wood, an extraction 
solvent other than water, warm water or hot water has not been used. 

SUMMARY OF THE INVENTION 

[00131 Therefore, it is an object of the present invention to obtain tannin in which 
variations in constituent components are small irrespective of the kind of plant resources. 
In particular, it is an object of the present invention to obtain tannin that can be used as 
an adhesive or a binder for wood from a tree (in particular, bark) of mangrove, acacia, 
pine, eucalyptus, oak, hemlock and the like. These species are planted and used in large 
amounts in the wood industry or the pulp industry, with a high yield, a high content of 
tannin reacting with aldehyde, and a low viscosity of the tannin solution. 

[0014] It is another object of the present invention to obtain tannin that can be used as 
an adhesive for wood and the like from bark of radiata pine (Pinus radiata) planted as a 
fast growing tree species mainly in New Zealand, Australia and Chile and used for 
lumber and pulpwood. 

[0015] A first invention relates to a method for extracting tannin from a plant resource 
with lower alcohols or a lower alcohol/aqueous solvent as an extraction solvent, instead 
of warm water or hot water. Furthermore, the first invention is characterized in that 
tannin is extracted from a tree (in particular, bark) of mangrove, acacia, pine, eucalyptus, 
oak, hemlock and the like which are planted and used in large amounts in the wood 
industry or the pulp industry, with lower alcohol such as methanol or ethanol or lower 
alcohol/aqueous solvents, and the tannin thus obtained is used as a component in an 
adhesive or a binder, or a composition for a molding. 

[0016] A second invention is characterized in that the bark of radiata pine (Pinus 
radiata) is separated into an inner bark and an outer bark, and tannin suitable as an 
adhesive for wood and the like is obtained from the outer bark. 

[0017] These and other advantages of the present invention will become apparent to 
those skilled in the art upon reading and understanding the following detailed description 
with reference to the accompanying figures. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0018] Lower alcohols having 1 to 4 carbon atoms are preferable as extraction 
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solvents in the present invention. Examples of the lower alcohols include methanol, 
ethanol, n-propanol, isopropanol, butanol and the like. Among them, methanol and 
ethanol are preferable, and methanol is particularly preferable in terms of compatibility 
with water, a low cost, recovery of an extraction solvent, and the like. Lower alcohols 
may be used alone or in combination depending on the use of tannin to be obtained. 

[0019] Lower alcohols as extraction solvents may be used with water. The mixing 
ratio between the lower alcohol and water is selected in accordance with the 
characteristics of the tannin to be obtained. The mixing ratio (volume ratio) between 
lower alcohol and water is generally in a range of 99:1 to 50:50, preferably in a range of 
99:1 to 80:20, and 20% or less of water is particularly preferable. It is particularly 
effective to mix lower alcohol with water in the case of vaporizing alcohol from a tannin 
extraction solution to concentrate a tannin solution, thereby obtaining a tannin aqueous 
solution. 

[0020] The extraction solvent may be used in an amount of 1 to 20 times, preferably 
about 5 times in weight with respect to the material to be extracted. Considering the 
concentration of the extraction solution in the later process, the amount of a solvent is 
desirably minimized. 

[0021] An extraction temperature is not particularly limited. However, considering 
vaporization/evaporization of alcohol and the like, the extraction temperature is 
preferably lower than a boiling point of the alcohol to be used. Generally, extraction is 
conducted preferably at 15°C to 65°C. In the case where an apparatus is of an airtight 
system or a closed pressure system, or in the case where extraction is conducted using 
water, a higher temperature may be used. 

[0022] An extraction method of tannin is not particularly limited. However, in the 
case of extraction with alcohol alone, considering the possibility that alcohol is volatilized, 
extraction may be conducted preferably in an airtight system such as an extraction tank 
and an extraction autoclave. Extraction by an extraction solvent may be batch-wise or 
continuous. A contact time is generally selected in a range of 10 minutes to 24 hours at 
room temperature under a normal atmospheric pressure. The contact time is preferably 
10 to 30 minutes. In a pressure extraction system, the contact time can be further 
shortened. 

[0023] Extraction is basically conducted in two stages: contacting in an extraction 
solvent and filtering by pressure or suction. However, depending upon the kind and 
size (crushed and ground particle size) of the extraction material, an extraction-filtering 
process may be conducted two or more times. In this case, an extraction solvent to be 
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used may be changed between the first and second contacts. Separation by filtration 
can be conducted by a method commonly used in solid-liquid separation such as 
pressure, suction, and centrifugation, as well as filtration under normal atmospheric 
pressure. 

[0024] Examples of filtration after extraction include centrifugation, sedimentation, 
reduced-pressure suction and filtration, and pressure filtration. These filtering means 
may be used in a combination of pressure and suction. 

[0025] In addition, extraction-filtration can be conducted in one step using a pressure 
extruder. Two processes: crushing and extraction can be continuously conducted in a 
single step with a high-speed crushing apparatus. Unlike an aqueous solvent, a lower 
alcohol has a lower retention in the material to be treated, so that continuous processing 
using these techniques can be conducted. 

[0026] The extraction method of the present invention is applicable to various plant 
resources without being particularly limited. Therefore, as a plant resource, in addition 
to plants conventionally used for extraction of tannin, radiata pine (Pinus radiata) bark 
and the like can be used. Radiata pine (Pinus radiata) is planted as a fast-growing tree 
species, and used for processing by the wood and pulp industry. The radiata pine 
(Pinus radiata) bark and waste wood are discharged and dumped in large amounts 
during the processing. As a result, tannin which is a polyphenol component dissolves 
into the soil to cause environmental problems such as inhibition of the growth of other 
plants. Therefore, the bark and waste wood of radiata pine (Pinus radiata) must be 
effectively used. 

[0027] The plants conventionally used for the extraction of tannin have a relatively 
high tannin content. In order to obtain tannin having properties useful as an adhesive, a 
binder, or the like, mangrove, acacia, radiata pine (Pinus radiata), pine, eucalyptus, oak, 
hemlock, and the like are desirable. In particular, the bark thereof is preferable in the 
light of making efficient use of a resource allowing a tannin component to be obtained. 

[0028] In the extraction of tannin, in the case of a plant resource (e.g., a tree), bark or 
the like is crushed into an appropriate size or formed into a fiber. Although not 
particularly limited, a crushing particle size may be 1 mm or less, preferably about 500 to 
800 urn, taking into consideration the extraction capability with a solvent, filtering 
properties of an extraction slurry, and the treatment of the cake (residue) after extraction. 

[0029] A crushing particle size varies depending upon the kind of plant resource and 
the shape of the crushed plant resource. A filter with a pore diameter of 20 to 60 urn is 
suitable for filtration of a tannin solution in the later filtering process. Therefore, in order 
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to prevent clogging, the particle size of a plant resource is desirably 5 times larger than 
that of the filter pore diameter. 

[0030] An extraction solution containing tannin after extraction is concentrated to an 
appropriate concentration by ventilation drying, reduced-pressure drying or the like, and 
then, freeze-dried, spray dried or the like to obtain tannin powder. 

[0031 ] Depending upon the use, a tannin concentrate may be obtained. Furthermore, 
in the case of using a condensate with formaldehyde, a tannin concentrate may be 
reacted with formaldehyde to obtain a precondensate. 

[0032] The cake (residue) after extraction may be cracked or fiberized to obtain a filler 
or an expander, or may be crushed into an appropriate size to obtain a solid fuel. 

[0033] The tannin content (Stiasny Value) of the tannin powder obtained by the 
method of the present invention, which reacts with aldehyde is 80% or more (preferably 
90% or more), to 106.8% which is a theoretical value of a reaction product with aldehyde 
in a case where the tannin is 100% catech in (weight percentage: this applies to rest of the 
specification). 

[0034] A tannin solution as an adhesive and a binder desirably has a viscosity of 6,000 
mPa • s or less which is suitable for coating in an extruder or a flow coater of a coating 
apparatus. A tannin solution with a solids content of 35 to 45% produces with an 
aldehyde a product with an adhesion strength equal to that of phenol resin. An 
adhesive prepared using tannin obtained according to the present invention has a 
satisfactory processibility as well as good coating properties. Such an adhesive has a 
high adhesion strength with respect to a wood test piece, and on fracturing, the break is 
often seen to occur in the wood not at the glue line. Compatibility with other resins (e.g., 
formaldehyde type resin) can be obtained in a range of 1:99 to 99:1 (tannin: resin). 

[0035] A second invention namely a method for extracting tannin using the outer bark 
of radiata pine (Pinus radiata) as an extraction material is conducted as follows. Unlike 
the conventional method using the entire bark, the bark is separated into outer bark and 
inner bark, and only the outer bark is used. In this way a large amount of a component 
rich in tannin and suitable for use as an adhesive or a binder for wood can be obtained. 

[0036] Separation into outer bark and inner bark is conducted as follows: radiata pine 
{Pinus radiata) bark is processed in a shredder or the like to form block-shaped outer 
bark particles and fiber-shaped inner bark particles, and the mixture of the outer bark and 
the inner bark is subjected to pneumatic separation, a screen or the like. The outer bark 
thus separated is crushed into the desired predetermined size range used as the 
extraction feed for tannin. 
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[0037] The radiata pine tree (Pinus radiata) consists of some 5 to 12% by weight 
bark when the tree is used for processing into lumber and pulp. Radiata pine (Pinus 
radiata) bark is composed of an outer bark and an inner bark. The inner bark is fibrous, 
with a thickness that is substantially constant over the height of the base to the top. In 
contrast, the outer bark is suberose, and its thickness changes significantly from the 
base to the top. For example, in radiata pine (Pinus radiata) with a breast height 
diameter of 50 cm, the thickness of the outer bark is about 40 mm thick at the base and 
only about 4 mm thick at the top. The thickness of the milky-white inner bark is 
substantially constant (1 to 2 mm) from base to top. It was found as a result of the study 
by the inventors of the present invention that the extract from the inner bark contains 
large amounts of carbohydrates which increase viscosity and lower the adhesion 
performance. In contrast, it was also found that the reddish-brown outer bark contains 
large quantities of tannin which react with formaldehyde and the tannin is suitable for use 
as an adhesive for wood and the like. 

[0038] As described above, in radiata pine (Pinus radiata) bark, the ratio between an 
outer bark and an inner bark over the entire tree is not constant. Furthermore, in the 
past it is industrially difficult to separate radiata pine (Pinus radiata) bark into an outer 
bark and an inner bark. Therefore, conventionally, radiata pine (Pinus radiata) bark has 
been used without being separated into outer bark and inner bark. Because of this, the 
content of tannin reactive with formaldehyde is small, and only tannin of low quality 
having non-uniform chemical non-uniform properties has been obtained. Consequently, 
it has been difficult to use radiata pine (Pinus radiata) bark tannin industrially for an 
adhesive for wood. The inventors of the present invention paid attention to the difference 
between the suberin of an outer bark and the fiber of an inner bark, and found a method 
for industrially separating the bark into an outer bark and an inner bark in a simple and 
efficient manner. 

<Separation of bark> 

[0039] When radiata pine (Pinus radiata) bark in a wet state peeled from a tree or log 
is fed to a shredder so as to be parallel with the fiber direction of the inner bark and the 
rotary blade of the shredder, the suberose outer bark is crushed forming block shaped 
particles while the fibrous inner bark is discharged as fiber balls without being cut to any 
extract. Furthermore, the inner bark in a wet state immediately after being peeled from 
the tree is comprised of living cells, so that the inner bark has a high water content and a 
high specific gravity. In contrast, the outer bark is composed of suberose light tissue 
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and is in an essentially dry state. Thus, the radiata pine (Pinus radiata) bark can be 
easily separated into a fibrous inner bark and a suberose outer bark by being subjected 
to a pneumatic force, a screen or the like after passing through a rotary shredder. 
When the water content of the bark material is less than 20% (dry state), the inner bark is 
also cut by a shredder, which makes it difficult to separate the bark in the later step 
(selection by blowing). Therefore, a wet fresh bark with a water content of 20% or more 
is preferable. 

[0040] Crushing of the bark may be conducted by a crusher capable of crushing bark 
into an appropriate size, such as a shredder. A suberose outer bark is crushed into a 
block shaped particles, and the fibrous inner bark defibrated fibers. Therefore, 
separation of bark may be conducted by a screen with an appropriate mesh as well as by 
pneumatic means. Alternatively, the bark may be separated through rollers capable of 
catching only fibers in an entangled state. 

<Crushing of material bark (outer bark)> 

[0041] The outer bark of the radiata pine (Pinus radiata) bark thus separated is 
crushed into particles of 1 mm or less (in particular about 100 to 600 pm) and fed to an 
extraction process. Alternatively, the outer bark may be crushed after being dried to an 
appropriate water content, and fed to an extraction process. 

[0042] Although not particularly limited, crushing is conducted, preferably, by a 
method that does not allow the temperature to rise substantially during crushing. 

<Extraction> 

[0043] As an extraction solvent, warm water or hot water may be used in the same 
way as in the conventional method. Preferably, lower alcohols such as methanol and 
ethanol or water-containing alcohol may be used in the same way as in the above- 
mentioned extraction method from a plant resource. Extraction is conducted in two 
steps: leaching in an extraction solvent and filtering by pressure, suction or the like. 
Depending upon the particle size of the material, extraction-filtration may need to be 
conducted two or more times. Furthermore, in order to enhance an extraction efficiency, 
counter current extraction may be used. 

<Separation by filtration> 

[0044] Separation by filtration can be conducted by a method used in general solid- 
liquid separation such as pressure, suction, and centrifugation, as well as by filtration 
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under normal atmospheric pressure. Examples of filtration include centrifugation, 
sedimentation, reduced-pressure suction and filtration, and pressure filtration. These 
filtering means may be combined as in a combination of pressure and suction. 

Examples 

[0045] Hereinafter, the present invention will be described by way of illustrative 
examples. It should be noted that the present invention is not limited thereto. In the 
following examples, unless otherwise specified, "%" and "parts" denote "% by weight" 
and "parts by weight". 

Example 1 

[0046] As a plant resource, radiata pine (Pinus radiata) bark produced in large 
amounts in the processing of wood was used. This was crushed into a powder having a 
size passing through a 600pm mesh screen. The bark powder contains the inner bark 
and the outer bark. (This also applies to Examples 2 to 7.) 

[0047] As extraction solvents for the tannin, 23 kinds of solvents with boiling points 
lower than the boiling point of water 100°C were considered in order to avoid alteration of 
the tannin. Three kinds of organic solvents (methanol, ethanoland isopropanol) were 
selected as those which are capable of dissolving tannin. To these was added n-butanol. 
These extraction solvents in a 5-fold amount by weight were added to the bark, and 
tannin was extracted at room temperature for 15 minutes. Then, the extraction 
solutions were filtrated with a filter having a pore diameter of 20 to 60 urn. The pore size 
of the filter was selected depending upon the shape and particle size during crushing of 
the plant resource. 

[0048] The organic solvents were vaporized from the tannin filtrates (extraction 
solutions) obtained with the above-mentioned four kinds of extraction solvents to obtain 
tannin concentrates. The tannin concentrates obtained by extraction with the organic 
solvents and an aqueous solution tannin concentrate obtained by extraction with boiling 
water were subjected to freeze drying to obtain tannin powder. 

[0049] Table 1 shows an extract (tannin powder) yield with respect to the total dry 
weight of the radiata pine (Pinus radiata) bark obtained by extraction with the organic 
solvents and boiling water, purity and a tannin yield with respect to the total dry weight of 
the bark. As is understood from Table 1, extraction solvents having a high tannin yield 
with respect to the total dry weight of the bark and a high purity were conventional boiling 
water and lower alcohols (methanol, ethanol). 
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[0050] Furthermore, Table 1 shows the viscosity (25°C) when aqueous solutions were 
made from the solid tannin powder prepared as described above so as to obtain 40% 
solid content of the resultant tannin powder, and test results of adhesion in a dry strength 
of an adhesive obtained by mixing 0.5 parts of sodium hydroxide, 10 parts of 
paraformaldehyde, 5 parts of coconut shell powder and 5 parts of flour based on 100 
parts of a tannin aqueous solution of 40% solid content. 

[0051] As is understood from Table 1, in the case of lower alcohols (methanol, 
ethanol), the tannin yield, purity, coating property, and adhesion in a normal state were 
high. 



Table 1 



Extraction solvent (types of alcohol) and 
physical properties of tannin 



Extraction Extract Stiasny Tannin Viscosity *1 
solvent yield (%) Values (%) yiefd(%) (mPa • s) 



Adhesion 
Coating in a normal 

property *2 state (kgf/d 



Methanol 33.0 

Ethanol 32.0 

Isopropanol 20.2 

n-butanol 20.3 



Alkaline 
aqueous 
solution 



52.9 



96.2 31.7 1000-6000 



93.6 29.9 1000-6000 



82.3 16.6 1000-6000 



81.5 16.5 1000-6000 



© 



Boiling water 30.5 85.9 26.0 6000 - 18000 



54.4 28.8 6000-12000 



x 



X 



20-25 
20-25 
20-25 
20-25 
15-20 
5-10 



*1 Tannin aqueous solution containing 40% solids content 

*2 Suitable viscosity in a coating apparatus (extruder and flow coater) is 500 to 6000 
mPa • s. The coating property symbols, ©, O, A, and x represent "excellent", 
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"satisfactory", "unsatisfactory", and "unacceptable", respectively. 
Example 2 

[0052] Radiata pine (Pinus radiata) bark crushed and screened using a 600 n m mesh 
screen was extracted with a lower alcohol (methanol or ethanol)/aqueous solvent in the 
same manner as in Example 1 . A mixing ratio between the lower alcohol and water was 
set in the range 100 : 0 to 0 : 100, and extraction was conducted at room temperature for 
15 minutes in each case. This was followed by filtration, concentration, and drying 
conducted in the same manner as in Example 1 to obtain tannin powder. Table 2 
shows the results obtained by measuring the tannin yield and purity. In addition, Table 
2 shows the viscosity of an aqueous solution prepared using the tannin powder so 
obtained giving a solid content of 40%, together with the dry strength of an adhesive 
prepared using the same mixing ratios as those in Example 1 . 
[0053] As is understood from Table 2, when a mixing ratio between lower alcohol and 
\Q water is 1 00:0 t0 50:50 ' tne tannin yield and purity with respect to the total dry weight of 
Hi bark are high. Furthermore, when a mixing ratio between lower alcohol and water is 
jj 100:0 to 70:30, the coating property is high. In addition, when a mixing ratio between 
ill lower alcohol and water is 100:0 to 80:20, dry strength is high. 



Table 2 Results of an extraction solvent (alcohol : water) 



Extraction 












Adhesion 


solvent 


Extract 


Stiasny 


Tannin 


Viscosity *1 


Coating 


in dry strength 


alcohohwater 


yield (%) 


Values (%) 


yield(%) 


(mPa • s) 


property *2 


(kgf/crf) 


100 : 0 


33.0 


96.2 


31.7 


1000-6000 


© 


20-25 


90 : 10 


31.0 


91.5 


28.4 


1000-6000 




20-25 


80 : 20 


30.0 


90.0 


27.0 


1000-6000 


© 


20-25 


70 : 30 


28.3 


86.5 


24.5 


1000-6000 


© 


18-23 


60 :40 


28.0 


82.3 


23.0 


2000 - 7000 


O 


18-23 


50 : 50 


29.0 


81.5 


23.6 


2000 - 7000 


O 


18-23 


0 : 100 


30.5 


85.9 


26.2 


6000-18000 


X 


15-20 



*1 Tannin aqueous solution containing 40% solids content 

*2 Suitable viscosity in a coating apparatus (extruder and flow coater) is 
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500 to 6000 mPa • s. The coating property symbols, ®, O, A, and x represent 
"excellent", "satisfactory", "unsatisfactory", and "unacceptable", respectively. 

Example 3 

[0054] An adhesive was prepared using tannin extracted from radiata pine (Pinus 
radiata) bark with methanol (obtained in Example 1) as a main material, and its adhesion 
was tested. Table 3 shows examples of the composition of the adhesive. The 
viscosities after mixing the 40% tannin aqueous solution and the results obtained with 
an adhesive liquid made using the tannin, namely the coating property and adhesion 
strength found using an extruder and a flow coater as a coating apparatus were shown in 
Tables 1 and 2 in Examples 1 and 2. 

[0055] An adhesion strength test was conducted as follows. Veneers of radiata 
pine (Pinus radiate) and kapur were used as test pieces (specimen). Each veneer was 
coated with an adhesive in an amount of 150 to 200 g/m 2 , and pressed under a cold 
pressure of 0.8 MPa for 5 minutes and under a hot pressure of 1.0 Mpa at 140°C for 7 
minutes to be bonded to each other. The plywood exhibited performance of Fco at a 
diffusion amount of formaldehyde of 0.5 mg/L or less based on Japanese Agricultural 
Standard (JAS). The adhesion test was conducted with respect to 10 test pieces in dry 
strength (in which the test pieces were as initially produced) and 10 test pieces after 
boiling in water for 72 hours. Table 4 shows average results. 

[0056] As is understood from Table 4, adhesion in dry strength and a fracture ratio in 
the wood were higher in the case of a tannin adhesive using methanol as the extraction 
solvent than in the case of a conventional tannin adhesive using hot water as the 
extraction solvent. The adhesion and fracture ratio in the wood after boiling were also 
higher in the case of an adhesive formed from tannin extracted with methanol than in the 
case of an adhesive using tannin extracted with hot water. Thus, adhesives of the 
present example exhibited adhesion equal to or higher than that of a commercially 
available phenol resin adhesive, and a tannin adhesive extracted with methanol had high 
water resistance. 
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Table 3 Mixing examples of a tannin adhesive extracted from 
radiata pine (Pinus radiata) bark with methanol 



Mixing example No j_ 



Tannin 100 parts 100 parts 100 parts 

Water 150 parts 150 parts 150 parts 

Sodium hydroxide 0.5 - 1 part 0.5 - 1 part 0.5 - 1 part 

Paraformaldehyde 10 parts 10 parts 10 parts 

Macadamia Nuts shell flour 5 parts 10 parts 0 part 

Wheat flour 5 parts Opart 10 parts 



Tannin solids content 30-40(%) 30-40(%) 30-40(%) 

in an adhesive liquid 
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Table 4 Tannin/formaldehyde adhesive using tannin extracted 
from radiata pine (Pinus radiata) bark with methanol 



Test 
venner 



Test condition 



Adhesion test (kgf/cm) 
(Wood failure (%)) 



Tannin adhesive 
tannin extracted 
with 

boiling water 



Tannin adhesive 
tannin extracted 
with 

methanol 



Phenol 

resin 

adhesive 



Normal state 



Radiata pine 
(Pinus radiata) 



17 
(80) 



17 
(80) 



15 
(90) 



Boiling 



8 

(73) 



12 
(70) 



10 
(60) 



Normal state 20 25 23 

(70) (80) (75) 
Kapur 

Boiling 7 17 15 

(45) (60) (60) 



Example 4 

[0057] Tannin was extracted from radiata pine (Pinus radiata) bark in one process 
including crushing and extraction using a high-speed crusher. 



[0058] First, 250 kg of methanol was added to 50 kg of small lumps of roughly crushed 
radiata pine (Pinus radiata) bark, and the mixture was stirred and crushed in a high- 
speed crusher at 40°C for 15 minutes to obtain a methanol suspension containing fine 
bark particles of 0.6 mm or less. Bark fine particles were separated from the 
suspension thus obtained by a centrifugal separator to obtain a methanol solution (tannin 
extract) containing tannin. The tannin extract was treated in the same way as in 
Example 1 to obtain tannin powder. 

[0059] Since processes from crushing to extraction can be conducted in a short period 
of time, tannin containing more stable components were obtained. Similar results were 
obtained using ethanol as the solvent. 



jj [0060] Tannin was extracted with boiling methanol (boiling point: 65°C) and methanol 

J at room temperature (1 5°C to 25°C) by the methanol extraction method in Example 1 . 

<| [0061 ] Table 5 shows the yields of the extracts with respect to the total dry weight of 

m the plant materials extracted with boiling methanol and methanol at room temperature 

ill respectively, and their stiasny values. From Table 5, it is seen that when boiling methanol 

P is used, the yield of the extract is increased although the stiasny values is decreased. 



Example 5 



Table 5 



Extraction temperature of methanol 



Temperature of 
extraction solvent 



Extract yield 

(%) 



Stiasny Values 
(%) 



Tannin yield 

(%) 



Room temperature 
(15-25°C) 



33.9 



90.0 



28.6 



Boiling methanol 

(65°C) 



37.7 



85.9 



30.3 



15 



Example 6 

[0062] Methanol was evaporated from the tannin/methanol solution obtained by 
extraction and filtration in Examples 1 to 4 to obtain a tannin concentrate. Methanol 
was evaporated using a reduced-pressure dryer, a low-temperature heating dryer, and 
a rotary evaporator. In any evaporator, the solution was satisfactorily concentrated. In 
order to prepare a tannin solution of 40% solids content for mixing into an adhesive in a 
later process, a tannin concentrate containing methanol in a range of 1 to 60% may be 
used. The tannin concentrate was freezed-dried and spray-dried to obtain tannin 
powder. 

[0063] Hereinafter, examples using the outer bark of radiata pine (Pinus radiata) bark 
as an extraction material will be described. 

Example 7 

[0064] Hereinafter, examples using the outer bark of radiata pine (Pinus radiata) bark 
as an extraction material will be described. 

<Treatment> 

[0065] Using a debarker in a timber mill, 1000 kg of radiata pine (Pinus radiata) bark 
were collected. When the entire bark is used as the feed to the extractor, the total 
moisture content of the bark was unimportant. When a separation of the inner bark from 
the outer bark is required, the moisture content of the bark becomes important. The 
fibrous inner bark must be maintained moist in order for it to retain its fibrous structure. 
An overall moisture content of 20% or more is satisfactory. 

<Separation to crushing of bark (outer bark)> 

[0066] When the radiata pine (Pinus radiata) bark in a wet state was placed in a 
shredder of a rotation disk type (e.g., Rover Mode 19885) operated at 1000 to 10000 
revolutions per minute (RPM), the suberose outer bark is crushed by the rotation disk 
and dropped below the rotation disk; the fibrous inner bark was discharged in the 
direction of the disk rotation. In the case where separation was insufficient, the process 
was conducted two or more times in accordance with the required degree of separation. 

[0067] The separated outer bark of radiata pine (Pinus radiata) bark was further 
crushed to a particle size of 1 mm or less, preferably 100 to 600 urn by a hammer mill or 
the like. 
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<Extraction to Filtration> 
[0068] The crushed outer bark (800 kg) was placed in an extraction apparatus by a 
screw feeder after weighing, and an extraction solvent in about 3-fold amount by weight 
of the bark (2400kg) was introduced into the extraction apparatus. At this time, as the 
extraction solvent, a lower alcohol (methanol) was used, instead of the conventional 
warm water or hot water extractant. The extraction was conducted by extracting at 
room temperature for 15 minutes, with the filtration conducted with a filter having a pore 
diameter of 5 to 60 urn. 

<Concentration> 

[0069] The extraction solvent was evaporated from the tannin filtrate (extract) obtained 
in the above manner to obtain a tannin concentrate. The tannin concentrate extracted 
with the organic solvent was freezed-dried and spray dried, to obtain tannin powder. 

[0070] Table 6 shows an extract (tannin powder) yield of the outer bark, the inner bark, 
and the mixture of the outer bark and the inner bark in a ratio of 1:1 of the radiata pine 
(Pinus radiata) bark extracted with the organic solvent, with respect to the total dry 
weight of the bark, the tannin purity, and the tannin yield with respect to the total dry 
weight of the bark. 

[0071] As is understood from Table 6, in the radiata pine (Pinus radiata) bark, the 
extract yield, tannin purity, and tannin yield of the inner bark are lower than those of the 
outer bark. When using a lower alcohol such as methanol and ethanol as the extraction 
solvent, the difference in an extract yield, the tannin purity, and the tannin yield between 
the outer bark and the inner bark is larger when compared with tannin extracted using 
boiling water. 

Preparation of an adhesive> 

[0072] Table 7 shows the viscosity (25°C) of tannin aqueous solutions prepared so as 
to contain 40% solids content of tannin powder thus obtained and the coating property of 
an adhesive obtained by mixing 0.5 parts of sodium hydroxide, 10 parts of 
paraformaldehyde, 5 parts of coconut shell glue and 5 parts of flour based on 100 parts 
of a tannin solid content of a 40% tannin aqueous solution. As is understood from 
Table 7, the viscosity of a 40% solids content tannin solution obtained by extraction of 
the outer bark with a lower alcohol (methanol or ethanol) was lower with tannin extracted 
from the mixture of outer bark and inner bark. Furthermore, the coating property of a 
tannin solution of 40% solids content obtained by extraction with lower alcohol using an 



extruder, a flow coater or the like was also satisfactory. 
<Adhesion test> 

[0073] In order to evaluate the adhesion performance of the tannin adhesive obtained 
in the above, radiata pine (Pinus radiata) rotary peeled veneers was used for the 
preparation of plywood specimen in accordance with JAS. Each veneer was coated 
with an adhesive in an amount of 150 to 200 g/m 2 , and pressed under a cold pressure of 
0.8 MPa for 5 minutes and under a hot pressure of 1 .0 MPa at 140°C for 7 minutes to be 
bonded to each other. The plywood specimens prepared were tested in accordance 
with the JAS (Plyeood). The plywood produced showed a performance of Fco at a 
diffusion amount of formaldehyde of 0.5 mg/L or less based on JAS. The adhesion 
performance test was conducted with respect to 10 test pieces in a normal state (in 
which the test pieces as initially produced) and 10 test pieces after boiling in water for 72 
hours. Table 8 shows average values. 

[0074] As is understood from Table 8, the test chip attached with the adhesive 
prepared by the above procedure using tannin obtained by extraction from only the outer 
bark with methanol or ethanol has high adhesion in dry strength and wood failure under 
boiling, when compared with the test chips attached by the adhesive prepared from 
tannin extracted from the mixture of the outer bark and the inner bark. 
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Table 6 



Elution solvent 



Extract yield (%) 
Outer bark Inner bark Mixture *1 



Boiling water 

Methanol 

Ethanol 



31.5 



36.0 



35.0 



28.3 



20.6 



16.4 



30.0 



27.7 



25.1 



Elution solvent 



Stiasny Values (%) 
Outer bark Inner bark Mixture *1 



Boiling water 

Methanol 

Ethanol 



86.4 
96.7 
95.0 



52.2 



40.4 



33.4 



73.7 



79.0 



79.3 



Elution solvent 



Tannin yield (%) 
Outer bark Inner bark 



Mixture *1 



Boiling water 

Methanol 

Ethanol 



27.3 



34.8 



33.3 



18.9 



8.3 



5.5 



25.0 
21.9 
19.9 



*1 Outer bark : inner bark =1:1 
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Table 7 



Viscosity of a tannin 

solution of 40% solids Coating 
content (mPa • s) property *2 

Extraction solvent Outer bark Mixture *1 Outer bark Mixture *1 

Boiling water 6000 - 1 8000 6000 - 1 8000 X x 

Methanol 1000-6000 6500-9000 ® A 

Ethanol 1000-6000 6500-9000 © A 



*1 Outer bark : inner bark = 1:1 

*2 Suitable viscosity in a coating apparatus (extruder and flow coater) is 500 to 6000 
mPa • s. The coating property symbols, ©, O, A, and x represent "excellent", 
"satisfactory", "unsatisfactory", and "unacceptable", respectively. 
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Table 8 Adhesion test of tannin/formaldehyde adhesive 
extracted from radiata pine (Pinus radiata) bark 



Outer bark Mixture *1 

Extraction Test Adhesion Wood Adhesion Wood 

solvent condition strength failure strength failure 

(kgf/cm) £%) (kgf/cm) (%) 

Normal state 18 80 8 50 
Boiling water 

Boiling 10 73 3 40 



Normal state 20 90 8 50 
Methanol 

Boiling 15 75 4 40 



Normal state 20 90 8 50 
Ethanol 

Boiling 15 75 4 40 



*1 Outer bark : inner bark =1:1 

[0075] When tannin is extracted as the main material, particularly, for use as an 
adhesive or a binder, using lower alcohol or a lower alcohol/aqueous solvent, 
irrespective of the kind of a plant, a tannin yield with respect to the total dry weight of a 
material approaches the tannin content of a plant resource, the amount of tannin reacting 



with aldehyde becomes high, and a distribution with a lower molecular weight becomes 
stable. Furthermore, the solvent can be evaporated at a temperature lower than 100°C, 
unlike conventional boiling water or an aqueous solvent of an alkaline aqueous solution. 
Therefore, tannin can be produced with low use of energy. 

[0076] When the extraction solvent in the present invention is used, unlike the case of 
water (such as boiling water) alone, extraction can be conducted at lower temperatures 
and higher rates. Therefore, tannin with low viscosity and uniform quality can be 
obtained since the extraction component is not polymerized, degraded, or altered due to 
temperature, oxygen, or the like. Lower alcohols extraction solvents (in particular, 
methanol and ethanol) have a low boiling point, so that they can be easily evaporated 
and collected for reuse. 

[00771 In the case of extracting tannin from radiata pine {Pinus radiata) as the 
extraction source material, the bark that contains most of the tannin is separated into 
outer bark and inner bark, and only the outer bark is selectively used. The viscosity of a 
40% solids content aqueous tannin solution as low as 6000 mPa-s can be obtained. The 
tannin thus obtained allows an adhesive to be formed so as to have a suitable viscosity 
with satisfactory coating properties. Therefore, such tannin can be uniformly applied to 
plywood or the like without causing dryout or marks using a coating apparatus such as 
an extruder or a flow coater. Furthermore, tannin extracted from the outer bark has a 
high purity, and most of such tannin reacts with formaldehyde. Therefore, a tannin 
adhesive can be obtained, which has water resistance and adhesion strength equal to or 
higher than those of a synthetic phenol resin adhesive in terms of adhesion, a binding 
force, and the like. This adhesive can be used as a binder for producing synthetic wood 
such as a chipboard by being mixed with a wood piece or a wood chip. 

[0078] Various other modifications will be apparent to and can be readily made by 
those skilled in the art without departing from the scope and spirit of this invention. 
Accordingly, it is not intended that the scope of the claims appended hereto be limited to 
the description as set forth herein, but rather that the claims be broadly construed. 
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